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© Multi-user microscope with orientation adjustment and method. 



© A stereoscopic microscope system (10) having a 
primary and secondary viewing station which are 
rotatably positionable relative to one another for si- 
multaneously viewing an object is disclosed. An ob- 
jective lens, (12) focuses a plurality of rays of light 
aligned with a primary optic axis upon an object to 
be viewed. The light deflecting mechanism (22) re- 
directs a pair of rays of light from the objective lens 
(12) orthogonally to form a diagonal optic axis 
spaced transversely from the primary optic axis. 
Both the primary and orthogonal optic axes extend 
perpendicular to an intersect a transverse optic axis 
extending therebetween. A second light deflecting 
mechanism (36,38) redirects a pair of light rays 
(40,42) in the orthogonal optic axis along a secon- 
dary viewing station optic axis spaced from and 
r— parallel to the transverse optic axis to be viewed by 
^ a secondary observer (64). A mechanism for stretch- 
^ ing or compressing a passive light in the orthogonal 
CO as a secondary viewing station is rotated is 

t\l provided. A mechanism for rotating the images of 
^ the object viewed at the secondary viewing station 
CD automatically compensates for image rotation which 
^ occurs when the primary viewing station is rotated 
Q relative to the secondary viewing station. 
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RELATED APFUCATiONS 

This is a continuation in part of copending U.S. 
application 251,571 entitled "Microscope System 
and Attachment". 

TECHNICAL FIELD 

The present invention relates to microscopes 
adapted primarily for surgical procedures, more 
particularly to microscopes having two viewing sta- 
tions. 

BACKGROUND ART 



In the practice of ophthalmology, assistant sur- 
geons, nurses, students, and other technical per- 
sonnel are involved with the primary surgeon dur- 
ing the performance of surgical procedures upon 
the eye, or upon any other generally relatively fiat 
surface or tissue to be treated. As a result, a 
particular image must be observed by the primary 
surgeon and the assistant with a single micro- 
scope. 

Referring to Figure 1, an example of a micro- 
scope system to observe an image'-by the primary 
surgeon and assistant is shown. This microscope 
system consists of two independent microscopes 
with identical optical axes below a common beam 
splitter 1, The primary surgeon views the image 
through the main microscope 2 which passes 
through the common beam splitter 1. The assistant 
views the image through the assistant's microscope 
3 which passes through the common beam, splitter 
1 and an internal focus 4. The image is reflected 
by mirror 5 and passes through the 3-step mag- 
nification changer 6 in the tube 7 of the assistant's 
microscope 3. 

One disadvantage with the above microscope 
system is that a beam or ray of light must be split 
by a beam splitter. This results in a greater light 
loss to both the primary surgeon and the assistant. 

It is, therefore, one object of the present inven- 
tion to provide a microscope system which allows a 
primary and secondary observer to simultaneously 
view the same image. 

It is another object of the present invention to 
provide at least two station viewing without the use 
of beam splitters. 

It is a further object of the present Invention to 
allow the secondary observer to manipulate his or 
her binocular so that the binocular is always par- 
allel to the image while the microscope is at an 
oblique angle to the image. 

Another object of the present invention is to 
provide an apparatus and method to enable the 
secondary observer in a multiple observer micro- 
scope to independently position the binocular rela- 



tive to the microscope while maintaining the hori- 
zon in alignment. 

DISCLOSURE OF THE INVENTION 

5 

Accordingly, the present invention is a micro- 
scope system including an objective lens common 
to at least two paths of light rays from an image to 
be viewed and prism means for re-directing at least 

10 one of the light rays in a direction orthogonal to the 
other of the light rays which travels to a first 
viewing station. An optical focus means is provided 
in alignment with the orthogonal light ray for mag- 
nifying the orthogonal light ray. A plurality of 

15 prisms being rotatable are provided for redirecting 
the orthogonal light ray to a second viewing station 
which is always parallel to the Image. 

One advantage of the present invention is that 
the assistant who sits 90 degrees to the primary 

20 surgeon can manipulate his binocular so that it is 
always parallel to the image and the microscope 
can be at an oblique angle to the image. Another 
advantage of the present invention is that the mi- 
croscope system will allow for an angular deviation 

25 while maintaining correct image orientation. A fur- 
ther advantage of the present invention is that the 
use of beam splitters are eliminated. A still further 
advantage of the present invention is that a greater 
amount of light is provided to both the primary 

30 surgeon and the assistant. 

Other advantages of the present invention will 
be readily appreciated as the same becomes better 
understood by reference to the following, detailed 
description when considered in connection with the 

35 accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 



FIGURE 1 is an elevationai view of a prior art 
40 microscope system; 

FIGURE 2 is a schematic diagram of a network 
of optical elements or prisms forming the micro- 
scope system according to the present inven- 
tion; 

45 FIGURE 3 is a front view of the schematic 

diagram of Figure 2; 

FIGURE 4 is a front elevationai view with por- 
tions broken away of a microscope system ac- 
cording to the present invention; 
50 FIGURE 5 is a plan view with portions taken 
away..of. the. microscope system of Figure 4; 
FIGURE 6 is a side elevationai view with por- 
tions broken away of the microscope system of 
Figure 4; 

55 FIGURE 7 is a perspective view of a second 
embodiment of the invention; 
FIGURE'S is a partially cut away side elevation 
of the Figure 7 embodiment; 
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FIGURE 9 is a partially cut away end view of the 
Figure 7 embodiment; 

FIGURE 10 is a schematic illustration of the 
optic system of the assistant's microscope illus- 
trating image position; 

FIGURE 1 1 is a right end view of the assistance 
microscope illustrating image position when the 
assistance microscope is generally vertical: 
FIGURE 12 is a right side view of the assistance 
microscope showing an image position when the 
microscope housing is rotated; 
FIGURE 13 is a left end view of the assistance 
microscope; 

FIGURE 14 is a schematic illustration of the 
optic system of the present invention illustrating 
additional features and advantages; and 
FIGURE 15 is a schematic illustration of yet 
another embodiment of the invention. 

BEST MODES FOR CARRYING OUT THE INVEN- 
TION" 

First Embodiment 



Referring to Figure 2, a schematic diagram of 
the optical elements of the microscope system 10 
according to the present invention is shown. The 
microscope system 10 includes a common objec- 
tive lens 12 in spaced relationship to an image 14 
to be viewed. A typical objective lens may be 
found in U.S. Patent No. 4,688,907, issued August 
25, 1987. in the name of Larry K. Kleinberg. which 
is hereby incorporated by reference. A pair of 
laterally spaced lenses 16 and 18 are disposed 
vertically above the objective lens 12. A pair of a 
primary observer's eyes 20. such as those of the 
primary surgeon, view the image 14 by rays of 
light which pass through the objective lens 12 and 
lenses 16 and 18 to the primary observer's eyes 
20. 

The microscope system 10 also includes a 
generally triangular right angle prism 22 disposed 
adjacent the objective tens 12. The prism 22 is 
rotatabte about is longitudinal axis for a total angle 
of approximately ninety (90) degrees. The prism 22 
redirects the rays of light from the image 14 at 
ninety (90) degrees in the unused portion of the 
objective lens 12. In other words, the rays of light 
from the image 14 are redirected by the prism 22 
perpendicular to the rays of light passing to the 
primary observer's eyes 20. The microscope sys- 
tem 10 includes a first pair of lenses 24 and 26 
disposed laterally of the prism 22. A second pair of 
lenses 28 and 30 are laterally spaced from the first 
pair of tenses 24 and. 26. A third pair of lenses 32 
and 34 are spaced laterally of the second pair of 
lenses 28 and 30. Lenses 24, 26, and 28. 30 and 
32, 34 are used to orientate or flip the image 14 for 



proper viewing. These tenses also act as an inter- 
nal focus and provide for one to one optics at the 
viewing site and are commonly referred to as 
"infinity systems." 

5 The microscope system 10 further includes a 

first pair of generally triangular right angle prisms 
36 and 38 disposed laterally of the third pair of 
tenses 32 and 34. The first pair of prisms 36 and 
38 rotate about lateral axes 40 and 42 as indicated 

70 by the arrows in the figure. Lenses 24, 26, 28, 30, 
32, 34 and prisms 36 are spaced along axes 40 
and 42, respectively. A fourth pair of lenses 44 and 
46 are spaced vertically above the first pair of 
prisms 36 and 38. A second pair of generally 

15 triangular right angle prisms 48 and 50 are spaced 
vertically above the fourth pair of lenses 44 and 46. 
The second pair of prisms 48 and 50 and the 
fourth pair of lenses 44 and 46 are spaced along 
vertical axes 52 and 54, respectively. A third pair of 

20 prisms 60 and 62 are spaced along the axes 56 
and 58 from the second pair of prisms 48 and 50. 
The third pair of prisms 60 and 62 rotate about 
axes 56 and 58, respectively, as indicated by the 
arrows in the figure approximately 15 degrees in 

25 each direction for a total angle of 30 degrees of 
articulation. A pair of secondary observer's eyes 64 
are disposed vertically above the third pair of 
prisms 60 and 62 for viewing the image 14. 

In operation, the observer's eyes 64 view the 

30 image 14 which passes through the objective len- 
ses 12, prism 22. lenses 24. 26, 28, 30, 32, 34, 
prisms 36, 38, lenses 44, 46 and prisms 48, 50, 60, 
62 to the observer's eyes 64. The secondary ob- 
server who sits 90 degrees to the primary observer 

35 may manipulate his or her binocular so that it is 
always parallel to the image 14. This is accom- 
plished by making the prisms 36, 38, 60, 62 rotate 
around their optical axes 40. 42. 56, 58 as in- 
dicated by the arrows in the figure. The optical 

40 path is also stretched and compressed as indicated 
by the arrows in the figure. The microscope sys- 
tem 10 allows for an angular deviation while main- 
taining correct image orientation. Since no beam 
splitting is required, there is a lesser degree of light 

45 loss to the primary observer's eyes 20 with more 
light provided to the secondary observer's eyes 64. 
Both observer's eyes 20 and 64 see the image 14 
in full stereo view with no view angle differences. 
Referring to Figure 3, a front view of the optical 

50 elements for the primary observer is shown. These 
optical, elements are embodied in a housing to 
allow Jhem to be optionally attached on either side 
of a conventional microscope (not shown, but see 
Figure 14). 

55 Referring to Figures 4. 5. and 6, the micro- 

scope system 10 is . embodied in a zero (0) to 
ninety (90) degree stereo attachment, generally 
indicated at lOO. The attachment 100 includes a 
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prinn.ary housing 101 for containing and supporting 
the objective lens 12. The objective lens 12 is 
disposed in a generally circular aperture 102 
fornned in the prinnary housing 101 and secured 
therein by screwing the objective lens 12 into, the^ 
primary housing 101 in a known manner. A prism 
holder generally indicated at 103 supports the 
prism 22 adjacent the objective lens 12 within the 
primary housing 101. The prism 22 is secured to 
the prism holder 103 by an adhesive such as 
epoxy. A lever 1 10 is connected by a first fastener 
112 to the prism holder 103. The primary observer 
grasps the lever 110 to rotate the prism 22 about 
its longitudinal axis. A second fastener 114 is 
spaced laterally of the fastener 112 and prevents 
movement of the prism holder 103 longitudinally 
and secures it in the primary housing 101. The 
prism holder 103 has a recessed portion 116 that 
cooperates with the fastener 114 which also acts as 
a stop to limit the rotation of the prism 22. 

The primary housing 101 includes a pair of 
spaced passageways 118 and 120 communicating 
diametrically through the primary housing 101. The 
passageways 118 and '120 allow either side of the 
primary housing 101 to be secured to an extension 
housing 122. A locking mechanism . generally in- 
dicated at 124 releasably locks the primary housing 
101 to the extension housing 122. The locking 
mechanism comprises a spring loaded pin 126 
communicating vertically through an aperture 128 
formed in a wall 130 of the primary housing 101 
separating the passageways 118 and 120. The pin 
126 has an undercut (not shown) which operatively 
cooperates with the extension housing 122 to lock 
the primary housing 101 in place. A spring- 132 is 
disposed about one end of a fastener 134 secured 
to the primary housing 101. The spring 132 is 
confined by a spring retainer 136 at one end and 
abuts the undercut on the pin 126. The pin 126 is 
depressed which compresses the spring 132 to 
allow the primary housing 101 to be removed from 
the extension housing 122. The process is re- 
versed for locking the primary housing 101 to the 
extension housing 122. 

As illustrated in Figure 5. the primary housing 
101 has an outwardly extending flange 138. A pair 
of fasteners 140 such as cap screws are disposed 
in corresponding apertures (not shown) of the 
flange 138, The flange 138 allows the attachment 
100 to be secured within an existing microscope or 
allow additions to be secured in the future. 

The extension housing 122 is generally rectan- 
gular and has generally circular extensions 142 and 
144 at one end disposed in the passageways 118 
and 120, respectively, of the primary housing 101. 
The extension housing 122 forms a pair of spaced 
generally circular passageways 146 and 148 there- 
in separated by a wall 150 of the extension housing 



122. A first lock ring 152 being generally circular is 
disposed in a corresponding groove 154 in each 
passageway 146 and 148 at one end. The first pair 
of lenses 24 and 26 are disposed in ihe passage- 
...-.5.. ways 146 and 148. respectively. A lens spring 156 
is disposed in the passageway between the first 
pair of lenses 24, 26 and the second pair of lenses 
28, 30 which are also disposed in the passageways 
146 and 148. respectively. A second lock ring 158 

70 is also disposed in the passageways 146 and 148 
on the other side of the second pair of lenses 28 
and 30. A spacer 160 is disposed in the passage- 
ways 146 and 148 and abuts the second lock ring 
158 to provide an air gap between the lenses 28 

;5 and 30 and the second lock ring 153 in the pas- 
sageways 146 and 148. The third pair of lenses 32 
and 34 are also disposed in the passageways 146 
and 148 on the other side of the second lock rings 
160. A lens spring 162 is disposed between the 

20 third pair of lenses 32 and 34 and a third pair of 
lock rings 164 at the other end of the passageways 
146 and 148 for adjustment reasons, e.g. to com- 
press or extend the lens spring 162 for focusing. 
The extension housing 122 has generally circular 

25 extensions 166 and 168 formed at the other end 
and similar to extensions 142 and 144. 

The attachment 100 further includes a pair of 
generally "L" shaped extensions 170 and 171 hav- 
ing a horizontal portion 172 disposed about exten- 

30 sions 166 and 168 of the extension housing 122. 
An upper pivot plate 174 and a lower pivot plate 
176 are connected to and disposed about the ex- 
tension housing 122. A pair of fasteners 178 secure 
the pivot plates 174 and 176 to the extension 

35 housing 122. 

The longitudinal portion 172 includes a semi- 
circular groove 180 about the circumference there- 
of. A pivot pin 182 which acts a Ijearing is dis- 
posed' between the pair of L-shaped extensions 

40 1 70 and 171 in the groove 180. The upper 174 and 
lower 176 pivot plates secure the pivot pin 182 
between them and prevent its movement. The hori- 
zontal portion 172 of the pair of L-shaped exten- 
sions 170 and 171 rotate or pivot about the exten- 
ds sions 166 and 168, respectively, of the extension 
housing 122. Each horizontal portion 170 has a 
prism 36, 38 mounted to a prism mount 183 which 
is generally circular in shape and disposed within a 
passageway 186 of a vertical portion 184 of the L- 

50 shaped extensions 170 and 171. The prism mounts 
183 are secured to the vertical portion 184 by set 
screws 185. The lenses 44 and 46 are disposed in 
the passageway 186 at the other end and are held 
in place by a fourth lock ring 188. The vertical 

55 portion 184 includes a necked-down portion 190 
partially disposed in an aperture 192 formed in one 
end of a generally L-shaped lens housing 194. The 
lens housing 194 includes a fastener 196 cooperat- 
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ing with a slot 198 formed in the necked-down 
portion 190 which acts as a slide stop to llnnit the 
vertical movement between the necked-down por- 
tion 190 and the lens housing 194. The fastener 
196 also prevents separation between the L-shaped.. 
extensions 170 and 171 and lens housing 194, An 
O-ring 200 is disposed in a corresponding groove 
202 of the lens housing 194 to sealingly engage 
the necked-down portion 190. The optical path can 
be stretched or compressed by relative movement 
between the vertical portion 184 and the lens hous- 
ing 194. 

A first prism mount 204 is disposed in a gen- 
erally circular aperture 206 of the lens housing 194. 
The prisms 48 and 50 are secured to the prism 
mount 204 by a clamp or washer 208 and a cor- 
responding fastener -.210. The prism mounts 204 
are secured to the lens housing 194 by set screws 
(not shown). The prisms 60 and 62 are secured to 
prism mounts 214 by a clamp 216 and correspond- 
ing fastener -218. The prism mounts 214 are gen- 
erally circular in shape and are disposed in cor- 
responding apertures 220 of the base housing 230. 
The prism mounts 214 are secured to the base 
housing 230 by set screws 231 which engage the 
prism mount 214 and prevent any relative move- 
ment between it and the base housing 230. 

A stop 222 engages the lens housing 194 and 
is disposed in a corresponding aperture 224 of the 
base housing 230. A fastener 226 engages the stop 
222. A lock screw .228 is disposed about the fas- 
tener 226. The lock screw 228 is then grasped by 
the secondary observer and pivoted or rotated to 
operatively lock the base housing 230 in position 
relative to the lens housing 194 and to disengage 
the stop 222 from the lens housing 194. A set 
screw 229 or a stop, fastener and lock screw 
arrangement may be used on the other side of the 
base housing- .230. to lock it to the other iens 
housing 194. 

The base housing 230 operatively cooperates 
with the lens housing 194. The base housing 230 
includes an .upper 232 and lower 234 stop pin 
partially disposed in corresponding annular groove 
236 of the lens housing 194. The stop, pins 232 and 
234 allow the base housing 230 to rotate about the 
lens housing 194 in the annular groove 236 for an 
articulated fifteen (15) degrees in either direction. 
Hence, the prisms 60 and 62 rotate relative to 
prisms 48 and 50. A mask 240 conventionally 
known in the art is disposed within a binocular ring 
242 on the upper side of . the base housing 230,. 
Fasteners 244 secure the mask 240 and binocular 
ring 242 to the base housing 230. A clamp screw 
246 extends outwardly from the ring 242 and se- 
cures the ring 242 to the mask 240. . 

In operation, the primary housing 101 is above 
an image to be. viewed. The. light rays from the 



image 14 pass through the objective lens 12 and 
lenses 16 and 18 to the primary observer's eyes 
20. Simultaneously, light rays from the Image 14 
pass through the prism 22 orthogonal to the light 

5 rays to the primary observer's eyes. If the primary 
housing 101 has one side or the other attached to 
the remaining portion of the attachment 100, the ■ 
prism 22 may have to be rotated ninety (90) de- 
grees by displacing the lever 1 10. 

w The light rays from the prism 22 travel through 

passageways 146 and 148 and lenses. 24, 26. 28. 
30, 32 and 34 in the extension housing 122. The 
light ray is focused by these lenses as previously 
described. The light rays then travel to prisms 36 

;5 and 38. The L-shaped extensions 170 and 171 to 
which prism mounts 183 and prisms 36 and. 38 are 
attached may be rotated about axes 40 and 42 if 
necessary. The light rays then travel through the 
passageways 186 in the vertical portion 184 of the 

20 L-shaped extensions 170 and 171 and through ten- 
ses 44 and 46. The light rays then travel to prisms 
48 and 50 which are secured to prism mounts 204, 
Prism mounts 204 are rotated by displacing or 
rotating the L-shaped extensions 170 and 171. This 

25 causes one of the vertical portions 184 to move 
relative to its lens housing 194 and the other verti- 
cal portion 184 to move relative away from its lens 
housing 194 in a piston-like manner similar to pis- 
tons in an engine. Hence, one of the optical paths 

30 of axes 52 and 54 is compressed while the other Is 
stretched. The light then travels through prisms 60 
and 62 which may be rotated about axes 56 and 58 
when the base housing 230 is rotated relative to 
the lens housing 194 in either direction about axes 

35 56 and 58. The base housing 230 is then locked In 
place by lock screw 228. The light rays then pass 
through corresponding apertures in the mask 240 
to the secondary observer's eyes 64. The mask 
.240 can remain parallel to the image or. floor. It 

40 should^ be appreciated that the base housing 230 , 
may be rotated more than fifteen (15) degrees in 
either direction. 

Second Embodiment 

A second embodiment of the invention is illus- 
trated in Figures , 7-13. Auxiliary viewing station 
attachment 250 functions generally similar to view- 
ing station attachment 100 described previously. 

50. Viewing station attachment 250 Is made up of a 
. fixed housing 252. a removable secondary viewing 
station frame 254, and a rotatable housing 256. The 
housing 256 preferably has a cover (not .shown) on 
it to protect the lenses and other members. The 

55 secondary viewing station frame. 254 may alter- 
natively be affixed to .either the right or left side of 
housing 252 so that the person utilizing the second 
view station can be positioned alternatively on the 
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right or ieft side of the primary viewing station in a 
manner similar to that described with reference to 
the first embodiment. 

It should be appreciated that if desired two 
secondary viewing stations may be affixed to a 5 
single microscope to allow two observers. In most 
instances where there is only a single secondary 
viewing station, a plug 257 will be utilized to seal 
the apertures in the fixed housing 254 which are 
not in use. io 

A schematic illustration of the light paths in the 
primary and secondary viewing stations is illus- 
trated in Figure 10. Objective lens 258 is generally 
oriented perpendicular to and within primary optic 
axis 260. Objective lens 258 focuses a plurality of /s 
light rays extending generally parallel to the pri- 
mary optic axis upon the object to be viewed. For 
illustration purposes, a standard "sttckman" char- 
acter with a solid circular right hand is used so that 
the orientation of the image can be shown at var- 20 
ious positions along the light paths. 

The primary binocular viewing station will view 
the reference object along primary light paths 262 
and 264 which extend generally parallel to primary 
optic axis 260. A pair of lenses or lens systems 25 
259, 261 are positioned between the objective lens 
258 and the primary observer's eye pieces. As 
illustrated by the stickman image in" path 262, the 
primary user observes the image in proper align- 
ment, in the preferred embodiment, objective lens 30 
258 is sufficiently large so that a pair of secondary 
light paths 266 and 268 can be directed through 
the objective lens without the use of beam splitters 
and the inherent light loss associated therewith. 

Secondary light paths 266 and 268 are re- 35 
fleeted transversely along a transverse optic axis 
270 which extends generally perpendicular to pri- 
mary axis 260. Secondary light path transverse 
segments 267 and 269 are reflected 90 degrees by 
a pair of mirrors 272 and 274. Each mirror is 40 
provided with two reflective surfaces, one oriented 
toward the right side of the housing and one ori- 
ented toward the left side of the housing so as to 
enable the secondary viewing station frame 254 to 
be affixed to either side of the fixed housing 252 45 
without necessitating the movement of the mirror. 
Of course, a right triangle -prism or a movable 
mirror could alternatively be used in place of mir- 
rors 272 and 274 to provide means for redirecting 
the secondary pair of light paths. so 

The secondary pair of light path segments 267 
and 269 extend parallel to trans verse axis 270 and 
p ass through a pair of dove orisnns 276 and 278. _ 
The dove prisms provide a means for rot ating the^ 
i mages of the object viewed at the secondary bin- 55 
ocular viewing station to compensate for image 
rotation which occurs when the^ fiist -and second ' 
viewing stations are rotated relative to one another. • 



It should be appreciated that although the dove 
prism is the preferred optic element for providing a 
means for rotating the image, alternative optic ele- 
nnents such as a pechan prism or a reversion prism 
can be used. The dove pechan and reversion 
prisms are described in the HANDBOOK OF OP- 
TICS, Copyright 1978. published by McGraw-Hill, 
Inc., specifically, chapter 2, section 39, pages 2-41 
to 2-51. which are incorporated by reference here- 
in. Note that the dove, pechan and reversion 
prisms each rotate the image at twice the angular 
rate at which the prism is rotated. These prisms 
convert the image without deviation or displace- 
ment of the beam of light. _ 

Dove prisms 276 and 278 are rotated in unison 
as the rotatable housing 256 is rotated relative to 
frame 254 by a mechanical linkage illustrated by 
dashed line 280 in Figure 10. (The details of me- 
chanical linkage 280 are described in more detail 
below with reference to Figures 7, 8 and 13.) 
Mechanical linkage 280 is such that a two degree 
rotation of rotatably housing 256 relative to frame 
254 causes a one degree rotation of the dove 
prisms in the same direction automatically realig- 
ning the image observed by the secondary viewer. 
The mechanical linkage 280 and the dove prisms 
278 and 278 together provide means for rotating 
the images of the object viewed at the second 
viewing station to compensate for the image rota- 
tion which occurs when the primary and secondary 
viewing stations are rotated relative to one another. 

In Figure 10, the image of the stickman char- 
acter is shown along the secondary light path 266 
before entry and after exiting dove prism 276. Note 
that the image is inverted, i.e., a mirror image as 
indicated by the orientation of the stickman's right 
hand. Oriented within each of the secondary light 
path segments 267 and 269 are lenses 282 and 
284, respectively. The light exiting lenses 282 and 
284 is deflecting 90 degrees by right triangular 
prisms 286 and 288 to form orthogonal light path 
segments 290 and 292, respectively. Mirrors 272 
and 274 in combination with right triangular prisms 
286 and 288 collectively provide first light deflect- 
ing means for redirecting the pair of rays of light 
from the objective lens orthogonally. The pair of 
light rays once deflected extend in general align- 
ment with an orthogonal optic axis spaced trans- 
versely from the primary optic axis 260. 

The primary optic axis 260 and the orthogonal 
optic axis 305 are both perpendicular to the trans- 
verse optic axis 270. Since the microscope system 
is binocular, there are separate light paths for each 
eye of the observer at the secondary station. Each 
of the pair of secondary light paths has a series of 
segments which are spaced from and generally 
aligned with the primary optic axis 260, the trans- 
verse optic axis 270, the orthogonal optic axis 305 
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and the viewing station optic axis 306. The orienta- 
tion of the image in each light path in- each set of 
parallel light paths is the same. 

Oriented within the orthogonal light path seg- 
ments 290 and 292 are a pair of lenses 294 and.....;,. 5 
296 which focus and direct the light beam upon the 
right triangular prisms 298 and 300, which deflect 
the light paths transversely to the eyes of the 
secondary observer. The stickman image seen by 
this secondary observer corresponds directly with io 
that seen by the primary observer. Right triangular 
prisms 298 and 300 provide a second light deflect- 
ing means which cooperates with the secondary 
viewing station for redirecting the pair of light rays 
in the orthogonal optic axis along the secondary 75 
viewing station optic. axis. The second light deflect- 
ing means is rotatable about viewing station optic 
axis 306 as rotatable housing 256 is turned relative 
to frame 254. The secondary optic axis 306 is 
spaced from and parallel to transverse optic axis 20 
270 to allow for free relative rotation of the secon- 
dary viewing station relative to the primary viewing 
station through a limited range of approximately 
plus or minus 40 degrees. 

In the embodiment illustrated, light paths 302 25 
and 304 are parallel to the axis of the housing 206. 
It should b^ appreciated that these light paths can 
be deflected upward by an additional optic element 
or appropriate eye pieces to suit the particular 
microscope application. In the embodiment illus- 30 
trated, light path segments 302 and 304 are parallel 
to the secondary viewing^ station axis 306 and 
spaced apart and parallel to the transverse optic 
axis 270. 

As housing 256 rotates relative to frame 254. it 35 
is necessary to maintain the right triangular prism 
286. lens 290 and right triangular prism 298 in 
proper alignment at all times. Similarly, prism 288. 
tens 296 and. prism 300 must be maintained in 
alignment with vertical axis 292 as the housing 4Q 
rotates. Alignment of the optic elements in the 
vertical light paths 290 and 292 are maintained by 
a mechanical alignment linkage 308 and 310, illus- 
trated in dotted outline in. Figure 10. (The details of 
the preferred embodiment of the linkage 308 and 45 
310 are discussed below.) 

Mechanical alignment linkage 308 and 310 pro- 
vide a means for compressing or stretching the 
passive light in the orthogonal axis as the secon- 
dary viewing .station is rotated. It should also be so 
appreciated that a mechanism similar to that uti- 
lized in the first embodiment of the invention could 
alternatively be used. to achieve, the same function, 
i.e., to maintain the optic elements in proper align- 
ment as .secondary light- path segments 290 and ss 
292 are compressed or stretched in response to 
the rotation of housing 256. 

In Figures 7-9 and 1.1-13. the frame 254 and 



rotatable housing 256 assembly .are shown in 
greater detail. Rotatable housing 256 is pivotably 
connected to frame 254 and can be locked in 
various angular orientations by lock mechanism I 
312. Shaft 314 is affixed to a rotary housing 256 
and pivotably cooperates with frame 254 when 
locking mechanism 312 is in the free position and 
retains the rotatable housing 256 to the frame when 
the locking mechanism is in the locked position. 
Affixed to the end of shaft 314 is arm 316. Arm 316 
is pivotably connected to lever 318 which is 
pivotably supported by the frame on a central pivot 
point 319. The opposite end of lever 318 passes to . 
a yolk 320 pivotably coupled to dove prism retain- 
ers 322 and 324. The location of the pivotable 
connection between the yolk 320 and the dove 
prism retainer is spaced from the second light path 
a distance relative to the length of arm 316 so that 
the dove prisms rotate an angular amount which is 
equal to one-half of the rotation of rotatable hous- 
ing 256 since the dove prism inherently rotates an 
image at twice the angular rate of the prism. 

In Figures 11 and 12, the stickman image/seen ^ ^ 

by the secondary observer is illustrated with the 
rotary housing 256 in two orientations. In Figure 11. 
a primary axis of the microscope 260 is vertical \ 
and right triangular prisms 298 and 300 are spaced 
apart and adjacent to one another. Prism 286 and / 
lens 294 are aligned along guide shaft 324. Guide 
shaft 324 maintains the right triangular prisms and 
the lens in proper alignment. Lens 286 is retained 
in a bushing 326 pivotably mounted in frame 254. 
Shaft 224 is affixed to bushing 326. Shaft 324 
slidably extends through lens holder 328 which .4; 
retains lens 294 oriented perpendicular to axis 290. '"""^ 
Shaft 324 extends slidably through bushing 330. 

When the rotary housing 256 is turned relative 
to frame 254 as illustrated in Figure 12, bushing 
330 rotates with the housing about. the center line 
of housing rotation and rotates in the opposite 
direction relative to the housing in an amount suffi- 
cient to maintain prism 298 in proper alignment 
with prism 286. Note that when the rotary housing 
256 is turned clockwise a distance jS, light paths 
axis 290 and 292 rotate a distance e and o*. re- 
spectively, in order to maintain the prisms in align- 
ment. Lens holder 328 and lens 294 carried there- 
by, shift inwardly as well in order to maintain the 
lens in the center of the light path. The optic 
system associated with the user's right eye, name- 
ly, prism 288. lens 296 and prism 300 is aligned by 
a similar mechanism made up of shaft 332. bush- 
ing 334, lens holder 336 and bushing 338 which 
correspond respectively to shaft 324, bushing 326, 
lens holder 328 and bushing 333 described pre- 
viously. . • ■ - 

With the embodiment shown in Figures 7-13, 
the housing 256 can be rotated 40 ' in either, _ 
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direction, or a total of 80^ . 

As illustrated in Figure 12 when the rotatabie 
housing 256 is turned a distance /3, a stickman 
image seen by the secondary observer similarly 
rotates a distance j3. Therefore, if the primary ob- 5 
server rotates the entire microscope within a fore 
and aft plane aligned with his or her body an 
arcuate distance ^, the observer can now rotate 
rotary housing 256 so that the observer's eyes 
remain horizontal. When transverse eye piece axis io 
340 is oriented horizontally, the images viewed by 
the secondary observer are properly aligned. 

An alternate and enhanced microscope in ac- 
cordance with the invention is shown in Figure 14, 
The microscope system is designated generally by is 
the reference numeral 350. The system generally 
includes a primary surgeon's microscope 352, an 
observer's secondary viewing station 250, and a 
documentation illumination module 354. 

The primary microscope 352 is similar to that 20 
described above with reference to Figures 1 -6 
and/or Figures 7-13 and includes an objective lens 
258, sets of laterally spaced lenses 259 and 261, 
and a set of stereo eye pieces 356. Any type of 
commonly used or known stereo microscope can 25 
be used in accordance with the present invention. 

The secondary observer's viewing station 250 
is the same as that described above with respect 
to Figures 7-13 and corresponding parts are given 
similar reference numerals in Figure 14. Alternate- '^so 



ly, the secondary viewing station can be the same 
as viewing station attachment 100 shown and de- 
scribed above with reference to Figures 1-6. 




The document illumination module 354 prefer- 
ably is the same as the module and system illus- 35 
trated and described in United States Letters Pat- 
ent No. '4,856,873 which is assigned to the same 
assignee of the present application and invention. 
The disclosure of the '873 patent is herein incor- 
porated by reference. It is also understood that 40 
other document illumination modules of standard or 
conventional type can be used whjch satisfy the 
objects of the present invention. 

In the module 354, light from a light source 360 
is transmitted through fiberoptic cable 362 to the 45 
module. The light is passed through a series of 
lenses 364 and a right angle prism 366 into and 
through the objective lens 258 to the field of view 
370. Reflected light is transmitted back through the 
objective lens 258 and the prism 366 and passed 50 
through a focusing and shaping series of lenses 
372 to a document recording mechanism 374. The 
recording device 374 can be a video camera, pho- 
tographic camera, or the like. The reflected light 
path also passes through a manually-adjustable iris 55 
374. The series of lenses 372 includes a Galilean 
infinity focal length multiplier 376 which is used to 
either reduce or' increase the effective focal length 



depending on how the multiplier 376 ts" positioned 
in the module 354. With a Galilean multiplier, the 
image stays erect and does not invert or change. 
This is used to change the size of the image to 
compensate for the size of the camera or pick-up 
tube utilized in the recording device 374. This also 
prevents the surgeon or assistant from having to 
change the lenses on the camera in order to 
change the image size. 

Positioned in the optic path between the light 
source 360 and field of view 370 is a red retina 
reflex enhancer 380. The enhancer is preferably a 
rhomboid prism and provides a reflection off the 
retina or other tissue in the field of view. This 
allows for a better and more visible field of view 
site for the surgeon to analyze and operate upon. 
Preferably, the enhancer 380 is positioned directly 
in line with the main axis 260 of the microscope 
system. 

The light source for the microscope system 
can be a single source as shown in Figure 14, or it 
can comprise a pair of light sources 400, 402 (and 
appropriate lenses and size adjusters 404* and 
404') positioned on opposite sides of the document 
recording optical path, as shown in Figure 15. The 
light is transmitted by fiber optic cables 362 and 
362' to the documentation illumination module 354'. 
The light passes through the series of lenses 404 
and 404' and then through the prism 366 and 
objective lens 258. The transmission of reflected 
light from the field of view 370 through the module 
354' to the recording instrument 374 is the same 
as that described above with reference to Figure 
14. 

A fixation lens device 390 is also preferably 
provided with the present invention. The device 
390 has a lens 392 and is positioned at a point in 
the main optical path (as shown in Figure 14)' 
perpendicular to the main axis 260 of the system. 
The fixation lens device is useful in many surgical 
procedures, particularly for the patient to train his 
or her eye upon when the surgeon requests it 
and/or the surgery necessitates it. A handle 394 is 
attached as part of the' fixation lens device 290 and 
extends outside the housing (not shown) for ma- 
nipulation by the surgeon or assistant. 

The fixation lens is preferably a red filter 
(although filters of other colors and types could be 
utilized); and can be selectively positioned and 
removed from the main optical path depending on 
the needs and desires of the surgeon. 

While the preferred embodiments of the inven- 
tion are ideally suited for use in surgical proce- 
dures or the like where the primary user is assisted 
by the secondary observer, it should be noted that 
the microscope system . is also useful in teaching 
applications. Where an assistant is to play an ac- 
tive role in the procedure, it is important that the 
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assistant have proper orientation with the object 
and the primary user. If the secondary observer is 
sitting the right of the primary observer, than the 
image viewed should be rotated 90 degrees. In 
teaching applications, however, where the observer 
is passive, it may be desirable to allow a secon- 
dary observer to view the object from the perspec- 
tive of the primary user. The microscope system of 
the present invention can be easily adapted to 
rotate the image 90 degrees by simply rotating the 
dove prisms 45 degrees in the appropriate direc- 
tion. 

The present invention has been described in 
an illustrative manner. It is to be understood that 
the terminology which has been used is intended 
to be in the nature of words of description rather 
than of limitation. Obviously, many modifications 
and variations of the. present invention are possible 
in light of the above teachings. Therefore, within 
the scope of the appended claims, the present 
invention may . be practiced otherwise than as spe- 
cifically described. 

Claims 

1. A microscope system for viewing an image 
from af least two viewing stations, one of the 
viewing stations being orthogonal to the other 
viewing station, said system comprising: 

an objective lens common to. at least two 
paths of light rays from the image to be view- 
ed; 

first prism means for re-directing at least 
one of the light rays from the objective lens in 
a direction orthogonal to the other of the light 
rays which travels to a first viewing station; 

second prism means being rotatable about 
. its optical axis for redirecting the orthogonal 
light ray to a second viewing station such that 
the second viewing station is maintained par- 
allel to the image; and 

means for compressing or stretching the 
path of said orthogonal light ray as said sec- 
ond prism means is rotated. 

2. The microscope system as set forth in claim 1 
wherein said second prism means comprises a 
plurality of angle prisms. 

3. The microscope system as set forth in claim 2 
wherein said first prism means comprises a 
right angle prism. 

4. A microscope system for viewing an image 
from at least two viewing .stations, one of the 
viewing stations being orthogonal to the other 
viewing station, said system comprising: . 

an objective lens common to at least two 



paths of light rays from the image to be view- 
ed; 

a first prism disposed on one side of said 
objective lens for re-directing at least one pair 
. 5 of the light rays passing through said objective 

lens in a direction ninety degrees to the other 
light rays which travels to a first viewing sta- 
tion; 

at. least one pair of lenses laterally spaced 
w from said first prism for magnifying the pair of 

light rays from said first prism; 

a first pair of prisms laterally spaced from 
said pair of lenses and being rotatable to re- 
direct the pair of light rays from, said lenses in 
;5 a direction ninety degrees relative thereto; 

a second pair of prisms veriically spaced 
from said first pair of prisms an< '' being, rotat- 
able to redirect the pair of light lays from said 
first pair of prisms in a direction ninety de- 
20 grees relative thereto; and 

a third pair of prisms laterally spaced from 
said second pair of prisms and being rotatable 
to redirect the light ray from saici second pair 
of prisms in a direction ninety degrees relative 
25 thereto to a second viewing station. 

5. The microscope system as set forth in claim 4 
wherein said second pair of prisms comprises 
a plurality of right angle prisms. 

6. The microscope system as set forth in claim 5. 
wherein said first prism comprises a right an- 
gle prism. 

35 7. A microscope attachment for viewing an image 
from at least two viewing stations, one of the 
viewing stations being orthogonal to the other 
viewing station, comprising: 
a primary housing; 
40 an objective lens disposed within said pri- 

mary housing and being common to at least 
two paths of light rays from the image to be 
viewed; - - 

a first prism disposed within said primary 
45 housing and disposed adjacent said objective 

lens; : 

first means for allowing rotation of said first 
prism; 

an extension housing being secured to 
50 said primary housing and extending outwardly 

therefrom; 

said first prism redirecting at least one pair 
of the light rays passing through said objective 
lens into said extension housing; 
55. at least one pair of lenses disposed within 

said extension housing for magnifying the pair 
of light rays; 

a pair of extensions attached to said exten- 
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sion housing and being rotatable thereabout: 

a second prisnn disposed within each of 
said pair of extensions for redirecting the light 
ray in a direction ninety degrees relative there- 
to; 

second means for allowing rotation be- 
tween said pair of extensions and said exten- 
sion housing; 

a pair of lens housings attached to said 
pair of extensions; 

third means for allowing axial movement 
between each of said lens housing and each of 
said extensions; 

a third prism disposed within each of said 
lens housings for redirecting the light ray in a 
direction ninety degrees relative thereto; 

a base housing attached to said lens hous- 
ings and being rotatable; 

fourth means for allowing rotation between 
said lens housing and said base housing; and 

a fourth prism disposed within said base 
housing for redirecting the light ray in a direc- 
tion ninety degrees relative thereto to a second 
viewing station. 

8. The invention as set forth in claim 7 including 
means for locking the relative position between 
said base housing and said lens housing. 

9. The invention as set forth in claim 8 including 
mounting means for supporting said second 
prism and said third prism and said fourth 
prism. 

10. The invention as set forth in claim 9 including 
means for securing said second, third and 
fourth prisms to said mounting means. 

11. The invention as set forth in claim 10 including 
first fastening means for securing said mount- 
ing means to either one of said extensions, 
said lens housings, and said base housing and 
prevent relative rotation therebetween. 



14. The invention as set forth in claim 13 wherein 
said extension housing includes a pair of tubu- 



lar extensions extending outwardly at each 
end. 

15. The invention as set forth in claim 14 wherein 
5 said extension is L-shaped and has one end 

disposed about said extension at one end of 
said extension housing. 

16. The invention as set forth in claim 15 wherein 
w said primary housing includes means forming 

a pair of spaced passageways, said tubular 
extensions at one end of said extension hous- 
ing being disposed within said passageways of 
said primary housing. 

15 

17. The invention as set forth in claim 16 including 
means for detachably securing said primary 
housing to said extension housing. 

20 18. The invention as set forth in claim 17 wherein 
said third means comprises a slot formed in 
said extension and a fastener engaging said 
lens housing and being disposed in said slot to 
limit the axial movement between said exten- 
ds sion and said lens housing. 

19. The invention as set forth in claim 18 wherein 
said locking means comprises a stop member 
engageable with said lens housing and a fas- 

30 tener secured to said stop and being rotatable 

to move said stop to functionally engage and 
disengage said lens housing. 

20. The invention as set forth in claim 19 wherein 
35 said rotation means includes a pair of spaced 

pins disposed in a groove formed about one 
end of said tens housing. 

21. A microscope system having primary and sec- 
40 ondary binocular viewing stations which are 

rotatably positionable relative to one another 
for simultaneously viewing an object, said sys- 
tem comprising: 

a) an objective lens cooperable with the 
primary viewing station and oriented within 
a primary optic axis to focus a plurality of 
rays of light upon the object to be viewed; 

b) first light deflecting means for redirecting 
a pair of the rays of light from the objective 
lens orthogonally to form an orthogonal op- 
«tic, axis .spaced transversely from the pri- 
mary optic axis, wherein the primary and 
orthogonal optic axes perpendicularly inter- 
sect a transverse optic axis extending there- 
between; * ' 

c) second light deflecting means cooperable 
with the secondary viewing station for re- 
directing the pair of light rays in '^the or- 



12. The invention as- set forth in claim 11 wherein 45 
said first' rotation means comprises a base 
member for securing said first prism thereto, a 
plate member integral with said base member 
and disposed in* an aperture formed in said 
primary housing, and a lever attached to said so 
plate member. 

13. The invention as set forth in claim 12 wherein 
said extension housing includes means for- 
ming a pair of spaced passageways therein. 55 
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thogonal optic axis along a secondary view- 
ing station optic axis, wherein said second 
light deflecting means is rotatable about the 
secondary viewing station optic axis which 
is spaced from and parallel to the .trans- — 5 
verse optic axis to allow the second viewing 
station to be rotated relative to the primary 
viewing station; 

d) means for compressing or stretching the 
paths of light in the orthogonal optic axis as w 
the secondary viewing station is rotated; 

and 

e) means for rotating the images of the 
object viewed at the second viewing station 

to compensate for the image rotation which 75 
occurs when, the primary and secondary 
viewing stations are rotated relative to one 
another. 

22. The microscope system of claim 21 wherein 20 
said means for, rotating the images further 
comprises a pair of image rotating optic ele- 
ments aligned In the path of the rays of light in 

the transverse optic axis and a linkage cou- 
pling said image rotating optic elements to the 25 
secondary viewing station to cause the image 
rotating optic elements to rotate a distance 
which is sufficient to maintain the alignment of . 
the image viewed at the secondary viewing 
station. 30 

23. A microscope system of claim 22 wherein said 
image rotating optic elements comprise a pair 
of dove prisms. 

35 

24. The microscope system of claim 22 wherein 
the image rotating optic elements .rotate the 
image passing therethrough an amount two 
times the rotation of the optic elements. 

40 

25. The microscope system of claim 21 wherein 
said secondary viewing station can be rotated 
through a range of plus or minus 40" when the 
primary viewing station is inclined in order to 
maintain the secondary viewing station in the 
vertical position and the image observed at the 
secondary viewing station in proper alignment. 

26. A method of automatically orienting an image 
viewed by a secondary observer using a bin- 
ocular microscope having primary and secon- 
dary binocular viewing stations .which are 
rotatably shiftable relative to one another, com- 
prising: 

a) providing an objective lens oriented with- 55 
in a primary optic axis for focusing a plural- 
ity of light ray pairs upon an object to be 
simultaneously viewed by a primary and 
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secondary user; 

b) deflecting one pair of light rays from the 
primary optic axis perpendicular along a 
transverse axis and further deflecting the 
light ray pair perpendicular therefrom to 
form an orthogonal optic axis spaced from 
the primary optic axis; 

c) deflecting the pair of rays and the or- 
thogonal optic axis along a second viewing 
station optic axis perpendicular thereto and 
aligned with the second viewing station axis 
of rotation; 

d) rotating a second viewing station about a 
second viewing station optic axis to main- 
tain the secondary user's eyes horizontal as 
the primary user varies the inclination of the 
primary viewing station in a fore and aft 
plane; and 

e) automatically rotating the image ob- 
served by the secondary observer to main- 
tain uniform orientation of the image at the 
secondary viewing station irrespective of the 
relative orientation of the primary and sec- 
ondary viewing stations. 

A microscope system comprising: 

a) primary and secondary binocular viewing 
stations which are rotatably positionable rel- 
ative to one another for simultaneously 
viewing an object: 

b) means for compressing or stretching the 
paths of light to said viewing stations; and 

c) illumination means. 

A microscope system as set forth in claim 27 
further comprising documentation recording 
means. 



29. A microscope system as set forth in claim 27 
further comprising a fixation lens and a reflex 
enhancer. 



30. A microscope system as set forth in claim 28 
wherein said documentation recording means 

45 includes a focal length multiplier means. 

31. A microscope system as set. forth in claim 28 
wherein said illumination means comprises a 
pair of separate light paths adjacent said docu; 

50 mentation recording means. 
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